Abstract In this study, we report on the bacterial diversity and their functional properties prevalent in tea garden soils of Assam that have low pH (3.8-5.5). Culture-dependent studies and phospholipid fatty acid analysis revealed a high abundance of Gram-positive bacteria. Further, 70 acidtolerant bacterial isolates characterized using a polyphasic taxonomy approach could be grouped to the genus Bacillus, Lysinibacillus, Staphylococcus, Brevundimonas, Alcaligenes, Enterobacter, Klebsiella, Escherichia, and Aeromonas. Among the 70 isolates, 47 most promising isolates were tested for their plant growth promoting activity based on the production of Indole Acetic Acid (IAA), siderophore, and HCN as well as solubilization of phosphate, zinc, and potassium. Out of the 47 isolates, 10 isolates tested positive for the entire aforesaid plant growth promoting tests and further tested for quantitative analyses for production of IAA, siderophore, and phosphate solubilization at the acidic and neutral condition. Results indicated that IAA and siderophore production, as well as phosphate solubilization efficiency of the isolates decreased significantly (P B 0.05) in the acidic environment. This study revealed that low soil pH influences bacterial community structure and their functional properties.
Introduction
Tea is one of the oldest, non-alcoholic, popular beverages of the world. Assam, a northeastern state of India plays a major role in the Indian tea industry by contributing about 53% of the country's and around 17% of the world's total annual tea productions (Dikshit and Dikshit 2014) . The state enjoys a distinct recognition as the largest tea-growing region in the world with a record number of 68,465 small tea gardens (area of 3-15 acre) and 825 large tea gardens ([15 acres) (Economic survey, Govt. of Assam, 2013 Assam, -2014 .
Ideally, the tea bushes prefer acidic soils with a pH range of 4.5-6.0. However, continuous and exhaustive cultivation and adoption of traditional practices have led to the deterioration of soil health resulting in an increase in soil acidity and aluminum toxicity. A recent study by Bandyopadhyay et al. (2014) highlighted the alarming increase of soil acidity in the tea gardens, ranging from very strongly acidic (pH 4.9) to extremely acidic (pH 4.4) condition with low cation exchange capacity and low base saturation status (\35%). Acidic soils are generally poor in fertility and water holding capacity. The authors reported that a substantial area with pH value less than 5.5 showed severe potassium (P), calcium (Ca), magnesium (Mg), and molybdenum (Mo) deficiency with an increase in aluminum (Al) and iron (Fe) toxicities. Therefore, it can be assumed that poor nutrient cycling along with several major climatic variables such Electronic supplementary material The online version of this article (doi:10.1007/s13205-017-0864-9) contains supplementary material, which is available to authorized users.
as average temperature, average precipitation, drought intensity, and precipitation variability (Duncan et al. 2016) could be the factors affecting the decadal plummet in Assam's tea production.
Recent studies have reported that Assam tea garden soils have a rich reserve of microbial diversity and community (Baruah et al. 2013; Huidrom and Sharma 2014) . It is well known that microbes play an important role in the tea garden soil ecosystem as they promote better plant growth (Phukan et al. 2012) , inhibit plant pathogens and tea pests (Balamurugan et al. 2011; Barthakur et al. 2004) , help in the acquisition of minerals, and maintain the biogeochemical cycles. Despite the importance of soil microbial community in regulating the structure and function of the tea garden soil-ecosystem, there is a dearth of knowledge about the impact of increasing soil acidity on resident bacterial communities and their functionality in the tea garden soils of Assam.
Identification of thriving bacterial isolates added with plant growth promotion features could be useful for improving soil health in the deteriorated tea garden acid soils of Assam. Such a study is expected not only to provide an insight into the bacterial diversity but also help in understanding the mechanism of pH homeostasis. In this paper, we report on the bacterial community structure prevalent in the tea garden soils using culture-dependent methods and phospholipid fatty acids (PLFAs) profiling. Further, a comparative functionality of these microbes in promoting plant growth was assessed through various biochemical tests under both acidic and neutral environments.
Materials and methods

Sample collection
The soil samples were collected in sterile containers from the surface layer (0-20 cm) of 14 different tea gardens belonging to small tea growers of Jorhat district of Assam. Soil samples were collected in December 2014. Three replicates of each sample were taken randomly from different sites of the 14 gardens, kept in ice, and transported to the laboratory. The three replicates of each sample were pooled and mixed properly. The samples were then sieved through a 2-mm mesh, to remove any debris and equally divided into three portions. The first portion was used for determination of soil physicochemical properties, the second was used for microbial analysis by culture-dependent method, and the third portion was used for PLFA analysis. A control soil sample (pH 6.8) was taken from non-agricultural land for comparative physicochemical and PLFA study.
Soil physicochemical characteristics
Physical parameter of the soil samples such as pH, bulk density, particle density, total porosity, and maximum water holding capacity were determined as described by Viji and Prasanna (2012) . The available phosphate was determined following the method of Bray and Kurtz (1945) . Further, available potassium and organic carbon were determined using the method as described by Patel et al. (2014) and Sato et al. (2014) , respectively.
Isolation of acid-tolerant bacteria
The soil samples were serial diluted with sterile saline (0.85% w/v NaCl in water) and proper dilution was plated on nutrient agar (NA) (Merck, Germany) medium (pH 7.0) and incubated at 30°C for 24-48 h. The Colony Forming Units (CFU) was enumerated and non-redundant colonies based on the colony morphology were tested for acid tolerance (pH 3.5, 4.0 and 4.5) by adjusting the pH of nutrient broth (Merck, Germany) with HCl and incubated at 30°C for 24-48 h at 150 rpm. The acid tolerance of the isolates was also evaluated under buffered condition using acetate buffer (pH 4.5). Nutrient broth prepared in acetate buffer was inoculated with bacterial isolate and incubated under the same condition. Tolerance to organic acid of the isolates was checked by growing the isolates in nutrient broth (pH 4.5) adjusted with acetic acid and citric acid. The isolates which survived at pH 4.5 or below (acid tolerant) were selected for further studies. The pure cultures of the acid-tolerant isolates were preserved in slants as working culture and as glycerol stocks using 50% (v/v) glycerol.
Phenotypic and biochemical characterization
Colony morphology of the isolates was recorded after growing the isolates in NA for 24 h. Gram staining and endospore staining were performed as per standard protocol. Growth at different NaCl concentration and temperatures were also observed. Protease activity and lecithinase activity of the isolates were determined in skim milk agar and MYP agar (Himedia, India) or nutrient agar supplemented with egg yolk, respectively. Biochemical characterization and carbohydrate utilization profile of the isolates were performed on pure cultures using API 20 cassettes and API 50 CH cassettes, respectively (BioMér-ieux, France) following the manufacturer's instruction.
Molecular characterization
Molecular characterization of the isolates was carried out by 16S rDNA sequence analyses. Genomic DNA was isolated using GeneElute genomic DNA extraction kit (Sigma-Aldrich, USA) as per the manufacturer's instructions. Amplification of 16S rDNA was carried out using the primer set U16SF (5 0 -AGAGTTTGATCMTGGCTCAG-3 0 ) and U16SR (5 0 -TACGGYTACCTTGTTACGACTT-3 0 ). The amplified products were sequenced using BigDye Terminator reagent in an ABI 377 automated DNA Sequencer (Applied Biosystems, USA). The 16S rDNA sequence reads obtained after sequencing were assembled into contig using CodonCode Aligner (CodonCode Corporation, USA). Further, BLAST analysis was employed to find the similarity of the sequences with known 16S rDNA sequences present in public database. The sequences were deposited in GenBank of National Center for Biotechnology Information (NCBI) and the accession numbers obtained.
Cellular fatty acid analysis
Fatty acid methyl ester (FAME) profiles of the isolates were analyzed using Gas Chromatography (Agilent 7820 Series II) controlled by MIS Sherlock Ò (MIDI, Inc., Newark, DE, USA) and Agilent ChemStation software. Aerobic library RTBA6 was used to carry out FAME analysis. The isolates were grown on Tryptic soy agar for 24 h at 28°C and harvested. Saponification, methylation, extraction, and washing steps were performed according to the protocol provided by MIDI, Inc. (DE, USA). Extracted FAME preparations were run in batches with a calibration control. FAME analysis was expressed both as a graph of peak activity against retention time and as a percentage of total FAME for each isolate.
Phylogenetic and cluster analysis
Phylogenetic analysis of the isolates was carried out based on results of biochemical, cellular fatty acids profile, and 16S rDNA sequences. The R software was used to construct the dendrogram from biochemical and cellular fatty acid profile. Further, principal component analysis of cellular fatty acid data was also conducted using the R package (Kassambara and Mundt 2016; Sebastien et al. 2008) . The phylogenetic tree was constructed using 16S rDNA sequences of the isolates along with the sequences of the most similar strains retrieved from the NCBI. The sequences were aligned with Clustal W using default parameters and a phylogenetic tree was constructed using the neighbor-joining method in MEGA6 software (http:// www.megasoftware.net/) with Kimura-2 parameter correction and 1000-step bootstrap (Tamura et al. 2013) .
PLFA analysis of the soil samples
High throughput phospholipid fatty acid analysis of the soil samples was performed as described by Buyer and Sasser (2012) . The PLFA calibration standard (PLFAD1) (Agilent Technologies, Wilmington, DE, USA) was prepared as per the manufacture's instruction and stored at -20°C. For lipid extraction, 2 g of each soil sample was dried overnight under vacuum at room temperature in the centrifugal evaporator and extracted with Bligh-Dyer extractant containing internal standard. The lipids were further separated by solid phase extraction and eluted with 0.5 ml of methanol:chloroform:H 2 O (5:5:1). Later, the solution was dried under vacuum, transesterified and finally, the lipids were dissolved in 80 ll of hexane and transferred to gas chromatography vials with glass inserts and stored at -20°C until further analysis. Gas chromatography was performed in an Agilent 7820 gas chromatograph (GC) (Agilent Technologies, Wilmington, DE, USA) equipped with autosampler, Agilent Ultra 2 column (25 m long 9 0.2 mm internal diameter 9 0.33 m film thickness), split-splitless inlet, and flame ionization detector controlled with MIS Sherlock Ò (MIDI, Inc., Newark, DE, USA) and analyzed using Agilent ChemStation software. FAMEs were identified using the PLFAD1 calibration mix and naming table. The individual PLFA obtained were expressed as BACTYPE data using Sherlock Commander Tool as per manufacturer's instructions.
Determination of plant growth promoting (PGP) characteristics
A total of 47 Gram-positive isolates were tested qualitatively for their plant growth promoting (PGP) activities such as the production of indole acetic acid (IAA), cyanogen (HCN) and siderophore, and solubilization of P, K, and Zn. The isolates showing positive results for all the qualitative tests were further selected for quantitative estimation of phosphate solubilization, and IAA and siderophore production.
The qualitative and quantitative tests for indole acetic acid production by bacterial isolates were carried out following the method of Ahmad et al. (2008) . Cyanogen (HCN) production was determined as described by Bakker and Schippers (1987) . Siderophore production was determined both qualitatively and quantitatively following the method of Schwyn and Neilands (1987) while potassium solubilization ability of bacterial isolates was analyzed following the method of Parmar and Sindhu (2013) . Zinc solubilization ability of the isolates was detected as per the method of Fasim et al. (2002) . Qualitative phosphate solubilization ability of the isolates was evaluated using tricalcium phosphate (TCP), aluminum phosphate (ALP), zinc phosphate (ZP), and calcium phytate (CP) as the source of phosphate. Pikovskaya's agar medium was modified by replacing the original phosphate source with each of the phosphate sources. The isolates were spot inoculated on agar media and incubated at 28°C for 3 days and observed for the appearance of clearing zone around the colonies.
Quantitative estimation of water-extractable free inorganic phosphate (Pi) was carried out as described by Jackson (1973) at pH 7.0 and 4.0 using the same source of phosphate (P) as mentioned above excluding tri-calcium phosphate at pH 4.0. The solubilization of phosphate was determined by measuring the absorbance at 600 nm and the amount of solubilized P was extrapolated from the standard curve of KH 2 PO 4 . Phytase activity was measured in terms of inorganic orthophosphate released from the phytic acid (CP) by phytase, following the method described by Raghavendra and Halami (2009) .
Statistical analysis
Complete randomized design (CRD) method was used to analyze the physicochemical characteristics of the soil samples (P B 0.05). The PGP activities of the isolates at pH 7.0 and 4.0 were analyzed using Student's t test (P B 0.05). Further, principal component analysis of the FAME data was carried out using the R package.
Results and discussion
Soil physicochemical profile
Soil characteristic is an important factor contributing to the microbial diversity. The pH of the soil samples varied between 3.8 and 4.2. Previous studies reported that majority of the tea garden soils in Assam fall under medium acidic category (Deka 2016; Dutta et al. 2008) . The bulk density of the soil samples ranged between 0.76 and 1.02 g cm -3 , while the particle density varied between 0.9 and 1.32 g cm -3 . The total porosity of the soil samples ranged between 11.69 and 26.89. The organic carbon content of the samples was below 6%, whereas available P and K content of the samples ranged from 29 to 50 kg ha -1 and 214 to 380 kg ha -1 , respectively. The water holding capacity among the samples varied widely from 20 to 50%. The physicochemical properties of the 14 soil samples along with the control soil are presented in Table 1 . The physicochemical characteristics of the soil samples from the present study were similar to the properties of other acidic soils analyzed previously (Baruah et al. 2013) . In acidic soil, availability of N, P, K, Ca 2? , Mg 2? , Na ? , and K ? decreases, while Fe, Ni, Cu, Zn, Mn, and Al become more available and soluble, often leading to toxicity (Nath 2014) . The availability of these minerals at higher level of concentration in soil is detrimental to both plant and microbes (Prasanth et al. 2013 ). The soil samples in the present study had good availability of P and K in contrast to previous reports (Baruah et al. 2013; Gogoi et al. 2016 ).
Isolation of acid-tolerant bacteria
A total of 110 non-redundant colonies were selected for their acid tolerance using acidified broth. Out of the 110 colonies (regarded as individual isolate), 70 isolates were able to grow at pH 4.5 (medium acidic), while 55 isolates showed the ability to tolerate pH 4.0. Therefore, the 70 isolates designated as G1 to G70 that grew at pH 4.5 were taken for further studies. The results of the acid tolerance of the isolates are shown in Table 2 . Out of 70 isolates, 45 isolates showed tolerance to citric acid, 10 isolates showed tolerance to acetic acid, and 12 isolates showed partial tolerance to acetate buffer (pH 4.5) and the rest of the isolates failed to grow in these conditions indicating the higher toxicity of acetate compared to citrate and HCl. The reason is probably due to the limited ability of HCl and citrate to penetrate bacterial cell wall. Unlike inorganic acid such as HCl, organic acids diffuse freely across the lipid bilayers of the bacterial cell wall in undissociated forms and liberate protons in the cytoplasm and lower the cytoplasmic pH (Booth 1985) . It has also been reported that the undissociated acid intercalates into the lipid bilayer at low external pH (Stratford and Anslow 1998) leading to anion accumulation (Russell and Diez-Gonzalez 1998; Roe et al. 1998) . In view of our interest in bacteria that are able to tolerate low pH condition, we evaluated the acid tolerance ability of the isolate in different acidic pHs (pH 3.5, 4.0 and 4.5) which mimicked the pH of the tea garden soil. Tolerance of the isolates to such low pH may be due to the adoption of different mechanisms. The basic strategy of bacteria to survive against any stress depends on the integrity of the cell membrane and DNA, maintenance of protein folding as well as intracellular pH (Booth 2002) . Apart from these mechanisms, production of biofilms and alkali (Chen et al. 1996 (Chen et al. , 1998 , as well as changes in membrane lipids (Quivey et al. 2000) have also been implicated as other mechanisms in bacteria that aid to combat acid stress.
Taxonomic characterization of the isolates
The colonies were white, orange or yellow in color with opaque, shiny, smooth or wrinkled, and mucoid or dry texture. The isolates could be divided into three groups: Gram-positive bacilli (66%), Gram-positive cocci (14%), and Gram-negative bacilli (16%) based on the Gram staining analysis. Most of the Gram-positive bacteria were able to grow at 40°C and could tolerate up to 5% salt concentration, while the Gram-positive cocci were able to tolerate a higher salt concentration (10%). The Gram-positive bacilli were motile (except G2) and produced endospore. Motility was observed only in some Gramnegative isolates but did not form endospore. The Grampositive cocci were non-motile and non-endospore forming. The results of biochemical and carbohydrate utilization tests (API 20E and API 50B) indicated that the isolates belong to the members of Bacillus, Lysinibacillus, Brevibacillus, Paenibacillus, Alkaligen, Aeromonas, Pseudomonas, Staphylococcus, Klebsiella, Escherichia, and Enterobacter. The results of phenotypic characterization are presented in Table 2 and the biochemical characteristics as well as carbohydrate utilization profiles are presented in Supplementary file (Table S1 ). The biochemical profiles of the isolates were similar to those mentioned in Bergey's Manual of Systematic Bacteriology (Vos et al. 2009; Brenner et al. 2005) . Biochemical and carbohydrate utilization tests are classical methods used for identification and differentiation of bacteria; however, these tests cannot distinguish among the closely related species. The 16S rDNA sequencing has been used as a reliable tool for identification and establishing phylogenetic relationships among bacteria (Borsodi et al. 2010) . Several other studies also indicated 16S rDNA sequence analysis as an authenticated technique to study bacterial isolates at species level (Ludwig and Klenk 2001; Garrity and Holt 2001; Alam et al. 2011) . The BLAST analysis of the 16S rDNA sequences of the 70 strains revealed that 42 isolates belonged to the genus Bacillus, 5 isolates to Lysinibacillus, 10 isolates to Staphylococcus, 2 isolates to Enterobacter, 3 isolates each to the genus Alcaligenes, Aeromonas, and Brevundimonas and 1 isolate each to the genus Escherichia and Klebsiella. Although, 16S rDNA sequences provide similarity between different orthologous in the range of 98-100%, it is unable to discern clearly among the closely related species such as the members of Bacillus genus (Fox et al. 1992) . Therefore, FAME analysis of the isolates was further carried out to verify the identification obtained based on 16S rDNA sequences. As the types and relative abundances of fatty acids produced by a cell depends on the genotype of an organism, FAME analysis can be used for identification of different species and strains (Ehrhardt et al. 2010) . The GenBank accession numbers, identity (%) and closest match along with the major fatty acid contents, FAME identification, and similarity index (%) of the isolates are presented in Supplementary file (Table S2 ). The whole cell fatty acid profile of the isolates indicated that branched chain (iso and anteiso) fatty acids were predominant in Gram-positive isolates, whereas straight chain and hydroxyl fatty acids were major fatty acids that occurred in Gram-negative bacteria. Microorganisms (Suutari and Laakso 1994) and the membrane fatty acid composition of isolates in the present study is consistent with that of their corresponding species as described earlier (O' Leary and Wilkinson 1988) . Both FAME and 16S rDNA sequencing data provided almost similar identification pattern. The FAME analysis aided in further identification of some isolates up to species level, which otherwise could not be differentiated on the basis of 16S rDNA sequencing alone. The results of both FAME and 16S rDNA sequencing analyses are also supported by the results of phenotypic and biochemical characteristics. The detailed result of the polyphasic approach of identification is depicted in Fig. 1 . Our results revealed a narrow diversity of culturable bacteria in the tea plantation soils. The monoculture nature of the tea cultivation and soil acidity might have affected the microbial diversity in the tea garden soils. It has been reported that soil pH is one of the most dominant factors that affects the microbial community in soil (Fierer and Jackson, 2006; Rousk et al. 2009 ). Soil pH also regulates the carbon availability, nutrient availability, and the solubility of metals. In addition, soil pH may influence microbial biomass composition in soil (Rousk et al. 2009 ).
Microbial diversity of soil depends on the types of plantation and the richness of rhizosphere in terms of nutrients such as sugars, amino acids, organic acids, hormones, and other small molecules derived from root exudates from which microorganisms obtain their energy (Badri et al. 2009 ). The physicochemical properties of soil including soil acidity and associated Al toxicity may also influence microbial selection process including the microbial abundance, its composition, and functional characteristics by affecting their metabolic activities (Rousk et al. 2010; Zhalnina et al. 2015; Rogelio Garcidueñas and Carlos 1996) . The abundance of Bacillus, Lysinibacillus, and Staphylococcus in condition under study may be due to the nature of their cell wall structure that might aid in increasing their adaptability to low pH condition. Bacteria of the genus Bacillus and its derived genera are reported to exist in extreme environments including acidic soil (Yadav et al. 2015; Cihan et al. 2012) .
Phylogenetic and cluster analysis
The neighbor-joining tree based on 16S rDNA sequences of the 70 acid-tolerant isolates (Fig. 2 ) distributed them into 2 major clusters viz., Cluster 1 (Gram positive) and Cluster 2 (Gram negative). The tree was drawn to scale with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The phylogenetic tree indicated that each bacterial isolate was clustered to its corresponding strain from GenBank based on their sequence homology which was reflected by the bootstrap value in the node. Similar grouping patterns were also observed in the dendrogram prepared from biochemical and FAME data (Supplementary file, Fig. S1, S2 ). Principal component analysis of the FAME data grouped the isolates into four different clusters (Supplementary file,  Fig. S3 ). Among the four clusters, cluster 2 comprised the highest numbers of isolates, while cluster 3 comprised of the least numbers of isolates. Cluster 1 and 2 contained the Gram-positive isolates, whereas Cluster 3 and 4 comprised of Gram-negative isolates.
Microbial community structure
The BACTYPE analysis revealed an abundance of Grampositive bacteria in the analyzed soil samples except for the samples S11, S12, and S13 ( Fig. 3 and Supplementary file Table S3 ). The abundance of methanotrophs, arbuscular mycorrhiza (AM fungi), fungi, anaerobe, and actinomycetes varied among the soil samples. The eukaryote abundance in the samples ranged between 30 and 89% except for three samples (S8, S9, and S10) where it was less than 1%. The PLFA analysis revealed an abundance of Gram-positive bacteria indicating a correlation between soil acidity with microbial abundance. The PLFA analysis is an analytical procedure for the evaluation of biological communities in soil and provides better insights over plate counts, and regarded as an alternative method for assessing the difference in microbial community (Yao et al. 2000) .
Plant growth promoting (PGP) activities of the isolates
Plant growth promoting bacteria (PGPB) may stimulate plant growth, directly or indirectly and is considered as an attractive alternative to chemical fertilizers (Bano and Musarrat 2003; Vessey 2003; Pindi and Sultana 2014) . A number of studies have reported the isolation of Grampositive bacteria with PGP properties from different sources (Sharma et al. 2015 , Kumar et al. 2012 Jha and Subramanian 2014) . Due to greater abundance of Grampositive bacteria found in the present study, only Grampositive bacilli (47 isolates) were evaluated for their PGP activities. Among the 47 isolates, 46 isolates were able to solubilize TCP, 44 isolates were able to solubilize ALP and ZP and 42 isolates had the capacity to solubilize CP. Tricalcium phosphate is generally used as a substrate to examine phosphate solubilization activity of microbes, however, solubility of TCP increases with increase in acidity (Bashan et al. 2013) . Therefore, ALP, ZP, and CP were included as the source of P since these forms of P are known to exist in higher proportions in acidic soils. Thirtyfour isolates showed siderophore production, while 29 isolates tested positive for HCN production. Out of the 47 isolates, 46 isolates secreted IAA and were able to solubilize both Zn and K. The production of HCN by the PGPB is beneficial for the plants since HCN has antifungal Fig. 1 The bacterial diversity obtained from the polyphasic taxonomy Fig. 2 Phylogenetic analysis of the isolates based on their 16SrRNA gene sequences. GenBank sequences are marked with the bold bullet point preceding the name of the strain activity and may help in biological control of fungal pathogens (Haas and Defago 2005) . The results of qualitative PGP activities are represented in Table 3 and Fig. 4 . Among the 47 isolates, only 10 isolates tested positive for the entire range of PGP activities analyzed in the present study and hence these were further taken for quantitative estimation. Earlier studies focusing on bacterial PGP activities were conducted in neutral conditions (Giongo et al. 2010; Sang et al. 2014; Majeed et al. 2015; Islam et al. 2015) ; however, it is important to assess the PGP activity in acid stress condition if the isolates are to be assessed for their activity or used as bio-inoculum in acidic soil. Hence, quantitative PGP activities of the selected isolates were assayed in acidic (pH 4.0) condition taking neutral (pH 7.0) condition as control. The pH of the medium had influence on the functionality of the isolates. The PGP activities of the isolates in acidic pH reduced significantly (P B 0.05) when compared to that of neutral pH. Phosphate solubilization activity of the isolates was tested quantitatively using four different substrates. The isolates displayed variations in their P solubilization activity depending on the substrate and pH. Bacillus cereus G10 showed the highest phosphate solubilization activity (2.94 ± 0.06 lg/ml) when TCP was used as substrate. However, when ALP was used as substrate, Bacillus sp. G7 showed the highest P solubilization activity (1.93 ± 0.03) at pH 7.0, but the activity was reduced to 0.33 ± 0.02 at pH 4.0. The highest ALP solubilizing activity (0.90 ± 0.03) at pH 4.0 was shown by Bacillus subtilis G9. The same isolate also showed the highest ZP and CP solubilizing activity (1.37 ± 0.04 and 2.08 ± 0.04, respectively) at pH 7.0. However, the same isolate showed low ZP and CP solubilizing activity at pH 4.0 (0.2 ± 0.04 and 0.9 ± 0.03, respectively). Maximum solubilization of ZP and CP at pH 4.0 was shown by isolate G18 and G12, respectively. Phosphorus is a key element in the nutrition of plants. Although P is abundant in soils in both inorganic and organic forms, it is a major limiting factor for plant growth as it is in an unavailable form for root uptake. Inorganic P mostly occurs in insoluble mineral complexes such as AlPO 4 (Havlin et al. 1999 ) that cannot be absorbed by plants (Rengel and Marschner 2005) . The ability of the isolates to solubilize AlPO 4 and convert it to plant available form is an important characteristic under conditions where P is a limiting factor especially in acidic soils. Bacillus subtilis G9 produced the highest amount (1.02 ± 0.06) of IAA at pH 7.0, while isolate G18 produced maximum amount (0.68 ± 0.002) of IAA at pH 4.0. Phytohormone like IAA helps in development and distribution of plant roots, resulting in a better nutrient uptake from the soil (Li et al. 2008) . The variation in the ability of PGPB to produce IAA has earlier been reported (Mansour et al. 1994; Zahir et al. 2000) . This may be attributed to the various biosynthetic pathways, location of the genes involved, regulatory sequences, and the presence of enzymes to convert active-free IAA into conjugated forms (Patten and Glick 1996) and indeed the pH of the medium. This reason may also be applicable to other PGP activities.
Bacillus subtilis G9 displayed the highest siderophore production (99.63 ± 0.22) at pH 7.0 and isolate G43 produced the highest siderophore at pH 4.0. The result of quantitative PGP tests is given in Fig. 5 and Table 4 . Siderophores produced by bacteria may promote the plant growth either by providing iron to plant, or by decreasing the availability of iron to plant pathogens, resulting in weak growth of pathogens (Szilagyi-Zecchin et al. 2014) . It is also reported that siderophores promote auxin synthesis by chelating metals such as Al, Cd, Ni, and Fe which otherwise inhibit auxin production, thereby enhancing plant growth (Dimkpa et al. 2008) . 
Conclusion
The tea plantations sustain the ecosystem that supports various life forms including microbes. However, continuous and unsustainable monoculture practices have affected the fertility of the tea garden soils and also led to increase in soil acidity. The present study provides an insight into the bacterial community structure of tea garden soils of Assam as revealed by culture-dependent and PLFA analysis. This study indicated that soil acidity exerts selective pressure on microbial diversity. Gram-positive bacteria of the genus Bacillus were found in abundance in acidic tea garden soils of the present study. Many of the Bacillus isolates also displayed PGP activities which, however, decreased significantly in acidic conditions. Development of a bio-formulation with these isolates and testing them under field conditions, mimicking acid and neutral soil pH may provide greater evidence. Further study Fig. 5 Graphical representation of quantitative PGP tests of the isolates. Asterisk indicates the significant differences between the two conditions and double asterisk indicates no significant difference between the two conditions to understand the acid stress resistance mechanism of these isolates which is presently being investigated may lead to identification of gene(s) conferring acid-tolerant trait that might later help in manipulating beneficial microbes suitable for use in acidic soil.
